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Effects of sodium nitroprusside in the rat cortical collecting duct
are independent of the NO pathway
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Effects of sodium nitroprusside in the rat cortical collecting duct are
independent of the NO pathway. Recently we described K channels in
the basolateral membrane of principal cells of rat cortical collecting duct
(CCD) which are regulated by a cGMP-dependent protein kinase (P/lagers
Arch 429:338—344, 1995). We examined the effects of the NO-liberator
sodium nitroprusside (SNP) on single channel activity and membrane
voltage (Vm) in principal cells of rat CCD, and on transepithelial voltage,
lumen-to-bath Na fluxes, and osmotic water permeability in isolated
perfused rat CCD tubules. While in patch clamp experiments SNP (10 jsM)
hyperpolarized principal cells from —54 10 mV to —71 5 mV (N =
5) and increased the activity of the described K channels from 0.05
0.03 to 0.45 0.14 (N = 5) in cell-attached and from 0.04 0.02 to 0.25
0.05 (N 4) in excised patch clamp experiments, it had no effect on basal
or AVP-dependent transepithelial voltage, Na fluxes, or the osmotic
water permeability. In addition, neither 50 sM SIN-I, another liberator of
NO, nor 1 mM L-NAME, an inhibitor of the NO-synthase, changed Vm
significantly. Furthermore, in cGMP-assays SNP failed to increase intra-
cellular cGMP in CCD segments. Thus, we conclude that in the rat CCD
transport is not regulated via the NO-pathway and that SNP acts as an
cGMP independent activator of K channels in the basolateral membrane
of these cells.
Principal cells of the rat cortical collecting duct (CCD) are
conductive. Two K channels have been described for the luminal
membrane [1—61 and two different K channels have been
recently identified for the basolateral membrane [7, 8]. The latter
two are regulated via a cGMP pathway [8, 9]. cGMP-elevating
agonists like natriuretic peptides, guanylin and uroguanylin, how-
ever, are not responsible for the stimulation of the K channels in
these cells [101. Nitric oxide (NO) is another mediator of cellular
cGMP increase in many preparations. For rat CCD it has also
been reported that NO decreases the osmotic water permeability
(Pf) and Na reabsorption [11—13]. In addition we reported that
sodium nitroprusside (SNP) activates K channels in the basolat-
eral membrane of principal cells of the rat CCD [8]. Therefore, we
attempted to examine the NO pathway in these cells further. We
measured the effects of two different NO liberators and an
inhibitor of the NO synthase on various transport parameters to
look for a possible involvement of the NO pathway in regulating
transport processes in rat CCD.
Methods
CCD segments for patch-clamp experiments were enzymatically
isolated from kidneys of female Wistar rats (100 to 200 g) as is
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customary in our laboratory [14]. The rats were fed a low Na diet
to increase the Na conductance of principal cells of the CCD [4,
14]. Cells were functionally identified as principal cells by the
hyperpolarization of Vm induced by 10 LM amiloride [141. CCD
segments for perfusion experiments were mechanically isolated
from kidneys of male Sprague-Dawley rats (50 to 100 g) as
described in detail previously [151. The rats received an implan-
tation of a slow-release (3-week) pellet containing 2.5 mg of
deoxycorticosterone (DOC) and were kept on a standard rat chow
ad libitum. DOC treatment was used to enhance electrolyte
transport.
Patch clamp and perfusion experiments
Vrn was measured in the slow-whole cell configuration of the
patch clamp method with 100 mg/liter nystatin (Sigma, Deisen-
hofen, Germany) in the pipette as described in detail [4]. Single
channel currents of the K channels in the basolateral membrane
were obtained in the cell attached and excised configuration [7, 8].
Channel activity was analyzed as averaged open probability (P(,)
for the number of channels observed in the membrane patch.
Mechanically isolated CCDs were perfused at 10 to 20 ni/mm, and
lumen-to-bath Na fluxes (Jfb) were measured using 22Na [151.
The transepithelial voltage (V.p) was recorded continuously in
(10)
Fig. 1. Effects of the NO-liberator SIN-i (50 IsM), the NO-synthase inhibitor
L-NAME (1 mM), and another NO-liberator SNP (10 jxM) on membrane
voltage of isolated rat CUD. Data are mean values SEM with the number
of observations given in brackets. Dark bars are pre- and post-control
periods for each experimental series. The effect of SNP is significant
against its pre-control. *DenOteS statistical significance.
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these experiments. Hydraulic permeability (Pr) was calculated
from the net water flow produced by an imposed transepithelial
osmolality difference using methoxy-3H-inulin as volume marker.
All experiments were performed at 37°—38°C.
cGMP-assay
Enzymatically isolated CCDs were incubated at 37°C for 15
minutes in a control solution (0.3 ml) containing 1 mivi IBMX
(3-isobutyl-1-methyl-xanthine) to inhibit phosphodiesterase activ-
ity. After incubation with 10 fLM SNP for 10 minutes the reaction
was terminated by the addition of 0.7 ml ice-cold ethanol. The
extracts were acetylated and the cGMP content was measured
with a specific radioimmunoassay [161.
Statistics
Data are presented as mean values SEM with the number of
experiments indicated in brackets. Statistical significance of the
effects was tested using a paired, two-sided Student's f-test. A P
value of 0.05 was set as the significance level.
Fig. 2. Effect of SNP (10 JxM) on K channels in
cell-attached and excised experiments from the
basolateral membrane of rat CCD. Original
current traces from K channels in an excised
(A) and a cell-attached (B) patch clamp
recording from the basolateral membrane of rat
CCD. The SNP effect in the excised membrane
patch clamp experiment lasted for 13 minutes.
The clamp voltage was 0 mV. P0 was analyzed
over a time period of at least 90 seconds. The
third trace was taken 16 minutes (A), 14
minutes (B) after removal of SNP.
Results
Patch clamp experiments with isolated CCD segments
In slow-whole-cell experiments 10 /xM SNP (Sigma), an agonist
that increases cellular cGMP levels by liberation of NO, hyper-
polarized V from —54 10 mV to —71 5 mV (N = 5) in
principal cells of the rat CCD (Fig. 1). This effect of SNP on
was not reversible within 10 to 15 minutes after washout. Another
NO-liberator, 3-morpholino-sydonimin-hydrochloride (SIN-i, 50
xM; provided by Cassella AG, Frankfurt, Germany), however, had
no significant effect on V in these cells ( V, = 1 1 mV, N =
8, Fig. 1). In addition, an inhibitor of the NO-synthase, N°-nitro-
L-arginine methyl ester (L-NAME, 1 ms; LC Laboratories, Bad
Soden, Germany) was also without any effect on 1/m ( 1"ni = 0
I mV, N = 10, Fig. 1). In five cell attached and four excised patch
clamp experiments we also measured an increase in the activity of
the basolateral K1 channels from 0.05 0.03 to 0.45 0.14
(cell-attached) and from 0.04 0.02 to 0.25 0.05 (excised) after
addition of 10 /LM SNP (Fig. 2). These effects of SNP were hardly
reversible within 10 to 15 minutes after washout (0.30 0.14
cell-attached and 0.14 0.07 excised) comparable with the effects
obtained on V0, of these cells.
C—> MJ.i Control
I.. ,...-.. P: 0.23TI r T ''
is
C >
K€I0
0Q
C —>
II F] r
C —>
SNP
P0: 0.18
i1',r' r'y1l1"i Il1!nt
is
KJ NaCl
Hi,sc/i et at: Ejfrcts of SNI' in rat C CL) 475
A 3) and 58 6 fnio!/50 mm CCL) (N 4) in the absence and
presence of SNP, respectively.
I
--i-
+ 100 ftM
SNP
Fig. 3. Absence of efficts of 100 rsi SNP on (A) transepithelial voltage (Vr,
(B) iwnen-to-bath Na * fli (I, -,,,), and (C) hydraulic permeability (P1) in
isolated peifused rat CCD segments. Tubules were obtained from kidneys of
DOC treated rats. Data are mean values SCM of three experiments each.
Solid lines represent experiments in the presence of 22 pM AVP. Dashed
lines represent experiments in the absence of AVP in the first two periods,
with AVP present in the third experimental period. There is no significant
effect of SNP on any parameter whether AVP was absent or present.
iransport experiments with isolated peifused CCD tubules
SNP (100 /.LM) did not significantly alter VT in control tubules or
in those stimulated with 22 ps'i arginine vasopressin (AVP) (Fig.
3). In control tubules VT did increase after the addition of AVP (
VT = 11.0 0.5 mV,N 3). SNP did not significantly alter
in the absence or presence of AVP (Fig. 3), while AVP again
increased by a factor of 3.5 0.7 (N = 3). SNP had also no
significant effect on the AVP-dependent P (Fig .3). While I' was
not distinguishable from zero in the absence of AVP it increased
to 939 153 Mm/second after addition of AVP (N 3).
cGMP assay
There was no significant increase in the cGMP concentration in
CCD segments after stimulation with 10 MM SNP in the presence
of 1 mvi IBMX for 10 minutes. Cellular cGMP was 57 14 (N
Discussion
According to the tesults presented in this study. It is most
unlikely that in principal cells of rat CUD electrolyte or water
transport is regulated through the NO pathway. in these CUD
segments there was no functional evidence toi the opelauoll ot
this pathway. The NO-liberator SlN I and the NO-synthase
inhibitor L-NAME had no effect on V, of these cells, whereas an
effect would have been expected it NO had increased cellular
cGMP and regulated either Na' or K conductances. in accor-
dance with this absence of an effect on F',,,, there was also no effect
of SNP on transepithelial voltage, Na' fluxes or the water
permeability in isolated perfused CCL) tubules. Also consistant
with the absence of a change in transport to SNP is its failure to
increase the cellular cGMP level in isolated CCD segments. ihe
only positive effects of SNP on any of the measured parameters
were the hyperpolarization of the principal cells of the CCL) and
the increased activity of the K channels in the basolateral
membrane in cell-attached and excised patch clamp experiments
after the addition of SNP. Both effects shared no or poor
reversibility which could have been expected if cUMP was the
mediator of these effects. Recently it was reported that SNP is not
only a liberator of NO but can also directly regulate the slowly
activating K channel 'K independently of the NO pathway [17].
Such an NO-independent effect was also reported from experi-
mnents with Dictyostelium discoideum where SNP inhibited differ-
entiation and aggregation of these cells without increasing intra-
cellular cGMP levels [18]. Furthermore, in isolated mouse renal
juxtaglomerular cells SNP had a dual effect on rcnin secretion, an
inhibitomy effect that was mediated via cGMP and a stimnulatory
effect that was independent of the NO/cGMP-pathway, hut more
likely was coupled to intracellular Ca2' [19]. Another nitric oxide
donor SNAP (S-nitroso-N-acetyl penicillaminc) was found to
induce apoptosis in smooth muscle cells again without the involve-
ment of intracellular cGMP [20]. Thus, the observed effect of SNP
on K4 channel activity in this study is most likely due to such an
effect of SNP without activation of cGMP.
Our observations do not support those described in prior
studies [12, 13] where an inhibition of net Na4 reabsorption and
water permeability by NO was seen. In these studies, however, the
basal Na fluxes as well as water perineabilities amounted to only
30 and 10% of those seen in this study and reported by us before
for the rat CCD both in the absence and presence of AVP [21-23].
In the former studies [12, 13], surprisingly no decrease in Na' -
K-ATPase activity was seen although net Na' reabsorption was
inhibited by 40 to 70% with an increase in NO. Recent studies of
Wang (Walhalla, NY, USA; personal communication), however,
again showed no reduction in the activity of the luminal Na'
channels with SNP in patch clamp experiments, in agreement with
our present conclusions.
These findings strongly indicate that iii rat CUD NO is not a
mediator of cGMP-produetion, and thus electrolyte and water
transport. i'herefore, the agonist that regulates the cGMP-depcn-
dent K channels in the basolateral membrane is yet to be found.
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